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ABSTRACT:
        The Food and Drug Administration (FDA) has approved of a variety of hard and soft tissue 
lasers for use in the dental treatment of adults and children. Because dental lasers boast unique absorption 
characteristics, they are used to perform specific dental procedures and improve its characteristics by 
using some of lasers in prevention and conditioning of enamel as Nd:yag and Er:yag lasers. Lasers have 
been tested to improve enamel properties in order to enhance its resistance to demineralization. Since the 
1960s, when associated with fluoride by special wavelengths of some lasers. This study evaluated the 
influence of both Er: YAG and Nd: YAG laser irradiation on deciduous enamel demineralization. The 
Nd: YAG laser wavelength of 1064 nm exhibits strong thermal effect in soft dental tissue because of its 
appropriate absorption characteristics, is also efficient in the increase of the enamel resistance and play an 
important role in the prevention of dental caries by forming enamel granules of variable sizes. Er:YAG. 
Its emitted wavelength of 2940 nm matches exactly the maximal absorption in water which play main 
role in conditioning of Hydroxyapatite nanorods of enamel.
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Introduction:
Dental caries is still considered the prevalent disease during childhood and adults. Although fluoride is 
the powerful treatment to prevent tooth decay, the new methods to control this disease completely is still 
necessary [1]. As an alternative to fluoride, lasers have been tested to improve dental enamel properties in 
order to enhance its resistance to demineralization [2]. Since the 1960s, it has been consistently confirmed 
that lasers can significantly increase the acid resistance of enamel, and, when associated with fluoride, a 
significant synergism between them has been shown in the reduction of enamel solubility [3]. Several 
laser wavelengths were used for this purpose, and laser treatment was demonstarted to be an efficient tool 
in prevention of tooth demineralization.The knowledge of the crystallographic structure of the melted 
tissue may be useful in order to explain several effects observed in the clinical procedures, such as the 
increase in the resistance of the tissue to acids after laser irradiation. In enamel irradiated with a CO2 
laser with energy weak reflections. Firmed this hypothesis applying sodium fluoride solution (Na F),  
laser irradiation may increase the adhesion of fluoride to the underlying surface of enamel and dentin, 
which could be done by the enlargement of fluoride in the enamel or dentin microstructures. Another 
mechanism of interaction of laser and fluoride is based upon the diffusion of fluoride ions through the 
pores between the enamel rods, forming a fluoride-veneer layer when acidulated phosphate fluoride 
(APF) is applied over the enamel surface. When this layer is irradiated by a laser, it is melted and 
recrystallized to rearrange into the mineral fluorapatite [4]. 
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This study evaluated the influence of both Er: YAG and Nd: YAG laser irradiation on deciduous enamel 
demineralization. Although there are still few studies on the use of the high-intensity laser for caries 
prevention in deciduous teeth [5,6], it is believed that its use on the dental structure can lead to a more 
acid-resistant surface. The degree of water absorption determines the laser’s ability to penetrate biological 
tissue [7]. To understand the different mechanisms of action for the various laser systems, as well as the 
wavelength suitable for each treatment modality, it is necessary to know the degree of water absorption 
for each wavelength.
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wavelength suitable for each treatment modality, it is necessary to know the degree of water absorption 
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Methodology:
Fifty samples were taken and kept in alcohol from the time of extraction to the procedures of this study. 
The teeth were then washed in distilled water, dehydrated in an increasing series of alcohol beginning 
with 60%, and left on filtered paper for 24 hours to dry. The samples were set up on a special base for the 
treatment with the lasers. Irradiation on the enamel surfaces were made on the buccal surface of the teeth, 
and 84.9 J/ cm3 energy density in the locked method; Nd:YAG laser: 1.0 W mean power for 6 seconds, 
energy density of 84.9 J/ cm3 and frequency of  10Hz, in the pulsed method. The teeth were randomly 
divided into groups according to many irradiation settings including Nd:yag and Er:yag lasers settings, its 
use on the dental structure can lead to a more acid-resistant surface.  Whereas, the irradiation process 
explained by Fig 1. 
When the laser reaches biological tissue, the light can be reflected, scattered, absorbed, or transmitted to 
the surrounding tissues [8] (Fig. 1). The specific interaction between laser light and biological tissue is 
determined by the wavelength of the laser.
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                     Spectrum of laser light absorption in water
Water absorption is the most important factor influencing the conversion of energy for surgical lasers 
operating in the infrared spectrum..
Results and analysis: 
The Nd:YAG laser revealed melting of the enamel surface of the deciduous human teeth irradiated, based 
on the three-dimensional images by the scanning electron microscope,.The morphological alterations on 
the irradiated enamel surfaces make it more resistant with regard to demineralization. Laser irradiation 
associated to the Fluor, is also efficient in the increase of the enamel resistance, and in the increase of the 
Fluor incorporation, being able to play an important role in the prevention of dental caries.
           
(Fig. 1): The normal enamel surface of        (Fig.2): Surface of enamel irradiated with                                    
deciduous teeth presents characteristic         Nd:YAG laser. Shows the «melting» with                                       
depressions and enamel prisms the presence of enamel granules (arrows)
(concentration of organic materials) 
Fig 2 shows the typical melting appearance of the irradiated enamel surface, forming enamel granules of 
variable sizes, with small shallow cavities around some of them. Furthermore, did not notice the presence 
of cavities when the Nd:YAG laser was irradiated on the surface of the enamel of  teeth. As a result, light 
from the Nd:YAG laser is more likely transmitted and scattered (rather than absorbed) when it enters the 
biological tissue. The spectroscopic showed that, the chemical modification of organic and mineral
compounds after Nd:YAG laser irradiation. While, Nd:YAG laser is absorbed selectively by certain 
pigments, including melanin and hemoglobin and possibly the pigments contained in germs and bacteria, 
which could make it ideal for killing bacteria. 
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the effects of several settings of Nd:YAG laser irradiation on enamel microhardness
Lower total delivered energy (under 30 J) resulted in no statistically significant difference of 
microhardness between irradiated and non-irradiated samples, whereas higher energy settings decreased 
enamel surface microhardness significantly. This can be due to the significant temperature rise during 
irradiation [9,10]. Thus, we conclude that laser irradiation, under the conditions of this study, is not 
suitable for improving enamel properties, because of decreased microhardness of irradiated samples. 
Repetition rates, Non-Irradiated Irradiated  
Energy per pulse,
Total delivered energy.
10 Hz, 30 mJ, 3J 287.33 284.25
10 Hz, 100 mJ, 10J 324.25 322.15
10 Hz, 200 mJ, 20 J 330.10 319.28
10 Hz, 320 mJ, 32 J 320.28 302.86
30 Hz, 30 mJ, 9 J 332,48 337.77
30 Hz, 100 mJ, 30 J 291.05 270.15
30 Hz, 200 mJ, 60 J 334.25 291.43
30 Hz, 320 mJ, 96 J 305.44 262.09
70 Hz, 30 mJ, 21J 318.45 297.78
70 Hz, 100 mJ, 70 J 314.75 229.92
Irradiated samples showed results either similar to or lower than controls. Lower delivered energy 
(ranging from 3 to 20 Joules) led to non-significant statistical differences of enamel surface 
microhardness. Higher delivered energy settings (from 30 to 100 Joules) led to a statistically significant 
decrease of enamel microhardness. By this table, laser irradiation showed no beneficial effects on enamel 
microhardness. This suggests that laser irradiation is not effective in improving enamel microhardness, 
and an increased total delivered energy may actually reduce microhardness. 
Enamel conditioning: 
The Er:YAG laser (2.94 nm)  has an excellent capacity for ablating both soft and hard tissues with 
minimal heat-related side effects. Since its introduction in dentistry, the Er:YAG laser has allowed 
dentists to remove caries, prepare cavities. The 1064-nm wavelength is poorly absorbed by the water and 
hydroxyapatite contents of enamel, so it is highly transmitted in to the pulp tissue. Because of that, 
neodymium lasers are commonly irradiated with a photosensitizer, which aims to increase the absorption 
of the laser beam at the surface of the enamel. In this case, the heat produced an inhibition of 40% of 
enamel dissolution when laser with Er: YAG at incident fluence of 12 and 9 J/cm2 have been reported.
The Er:YAG laser's basic mechanism of tissue ablation begins with thermal evaporation, since the laser is 
readily absorbed in water and organic molecules within the biological tissues. With hard tissues, the 
Er:YAG laser exerts a so-called thermo-mechanical or photo-mechanical effect, in which water molecules 
within the hard tissues are vaporized as they absorb the laser energy, thus increasing the intra tissue 
pressure, producing vapor within the tissue, and provoking "micro-explosions" that cause mechanical 
tissue to break down and physically contribute to the ablation process.
Since absorption occurs superficially on the surface of the irradiated tissue and the amount of heat 
generated is low, the remaining layer of tissue affected by heat is extremely thin. Heat is generated more 
easily with hard tissue applications [10], However, After an irradiation of the enamel by Er: YAG laser, 
the main nonorganic crystallized part became more hardness , since the relatively little energy density not 
causes the evaporation of the water as in the ablation state but slowly distributes the heat with the time, 
that means the hardening process. See Fig 3.
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Fig 3: shows the ablation rates per pulse after pulsed Er:yag laser irradiation, beyond the ablation 
threshold the crater depth increases linearly with the radiant energy. At higher laser energies (than 500 
mJ) the reduction of drilling efficiency is observed. This phenomenon is attributed to absorption of laser 
light in the particles ejected from the dental tissue and plasma formation. While no thermal damage was 
observed on enamel tissue with the lower energies than 100 mJ and low repetition rate as shown in the 
Fig4. 
Fig 4: shows the dependence of the ablation rate in enamel 
The relatively little energy density not causes the evaporation of the water as in the ablation state but 
slowly distributes the heat with the time, that means the hardening process due to the wavelength of 2.94 
nm is very strongly absorbed by water and hydroxiapatite. Causing concentration of nonorganic 
crystallized part of enamel tissues (hydroxiapatite) as shown in Fig 4
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Fig5: Hydroxyapatite nanorods, 100 nm           Hydroxyapatite nanorods, 400 nm 
Discussion:   
Dental lasers with a single wavelength cover only limited application in dentistry, the Er: YAG and the 
Nd: YAG laser. The Nd: YAG laser wavelength of 1.06 nm exhibits strong thermal effect in soft dental 
tissue because of its appropriate absorption characteristics. This laser represents an effective tool for soft 
tissue treatment as well as for the sterilization of teeth surfaces. The Er: YAG laser, on the other hand, is 
an effective laser for the removal of hard tissue. Its wavelength of 2.94 um is very strongly absorbed by 
water and hydroxiapatite. Consequently, the incident Er: YAG laser radiation is absorbed in a thin surface 
layer, causing sudden vaporization of the water in hard dental tissue. This leads to surface 
microexplosions which result in laser induced drilling with-out thermal damage to the surrounding tissue.
LASER                   Er: YAG                  Nd: YAG
Wavelength(um)                     2.94                       1.06
Medium                Solid state                 Solid state
Mode                  Pulsed                     pulsed
Delivery system Mirror system or fiber                       fiber
Absorption in water                 Very high                       Low
Tissue interaction              Photoablation              Photothermal
           Photodisruption
Caries therapy                         ++                           -
Caries prevention                           -                          (+)
Enamel conditioning                         ++                          (+)
The irradiation effects of the pulsed Nd: YAG in hard dental tissues has reported the presence of areas of 
carbonization necrosis. Due to the emergence of very high temperatures in dental tissue caused by 
evaporation process during Nd: YAG cracks and melted surfaces were observed after Er: YAG laser 
treatment almost no thermally induced changes, except a slight brownish rim around the crater, can be 
seen. Almost all the studies on surface morphology has indicated that Nd:YAG laser treatments produced 
vitreous-like surfaces with nonselective ablation, recrystallization, as well as cracking with flaking. In 
addition, the increase of energy densities produced more melted areas, evident cracks, and unselective and 
deeper ablations, the change in the surface morphology, the spectroscopic showed that, the chemical
modification of organic and mineral compounds after Nd:YAG laser irradiation can be attributed to the 
collagen matrix, and the hardness of  irradiated points values increased as Fig (2). While, the wavelength 
of  Er:yag laser (2.94 nm) is very strongly absorbed by water and hydroxiapatite. Causing concentration 
of nonorganic crystallized part of enamel tissues (hydroxiapatite), that means the hardening process due 
to the wavelength of 2.94 nm.
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